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The aim of this work to isolate and identify two essential oils by hydro distillation method
from two imported lemon fruits samples collected from local supermarket and evaluate
their antimicrobial activity against pathogenic bacteria through disc diffusion method. The
essential oil was obtained from Turkish and Indian lemon fruits samples by hydro distil-
lation method using Clevenger type apparatus. Both isolated essential oils were identified
by GCeMS and determine their in vitro antimicrobial activity against pathogenic bacteria
through agar gel method. Twenty two bioactive ingredients with different percentage were
identified based on GC retention time from Turkish and Indian lemon collected from local
supermarket. The predominant bioactive ingredients with high percentage in Turkish
essential oil were DL-limonene (78.92%), a-pinene (5.08%), L-a-terpineol (4.61%), b-myrcene
(1.75%), b-pinene (1.47%) and b-linalool (0.95%) and in Indian essential oil were DL-limonene
(53.57%), L-a-terpineol (15.15%), b-pinene (7.44%), a-terpinolene (4.33%), terpinen-4-ol
(3.55%), cymene (2.88%) and E-citral (2.38%) respectively. Both isolated essential oils by
hydro distillation were used for the study of antimicrobial activity against four pathogenic
bacterial strains such as Staphylococcus aureus (S. aureus), Escherichia coli (E. coli), Pseudomonas
aeruginosa (P. aeruginosa) and Proteus vulgaris (Pseudomonas vulgaris). Almost all bacterial
strains did not give any activity against the employed essential oils at different concen-
trations. Therefore, the obtained results show that both essential oils could be needed
further extensive biological study and their mechanism of action.
Copyright 2014, Beni-Suef University. Production and hosting by Elsevier B.V. All rights reserved.M.A. Hossain).
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Normally the essential oils were obtained from the natural
sources such as herbs, fruits, roots, barks, stems and medici-
nal plants by hydro distillation, expression or solvent extrac-
tion methods. All these methods are considered as well-
known methods for the isolation of essential oils in tradi-
tional medicine. Using these methods for the production of
essential oils that chemical ingredients showed a potential
source of antimicrobial agents. The isolated essential oils
from the natural sources are showed broad-spectrum activity,
including antifungal, antibacterial and antiviral activities.
Besides that the essential oils from natural sources are used
for food preservation, flavoring agent, pharmaceuticals
formulation, cosmetics as fragrances and the preparation of
alternative medicine (Hussain et al., 2010). The percentage of
major and minor chemical constituents are considered as
chemical composition of each essential oil. Furthermore,
chemotypes of essential oils are depends on the levels of the
major chemical components. The biological activities such as
antimicrobial activity are not only depends on the chemical
component but also depends on the structure activity rela-
tionship might be occur by the other chemical components
(Faleiro et al., 2003). Essential oils from the natural sources are
more potent than various antimicrobial agentswhich are used
for air disinfection. Because the essential oils have low
toxicity level and high volatile properties which is not ob-
tained in antimicrobial agents (Inouye et al., 2003). In addition,
essential oil as natural food preservatives has been used
widely and accepted by the consumers all over the world
(Militello et al., 2011).
The lemon is a small evergreen tree native to Asia. The
lemon has several varieties and it has ellipsoidal yellow fruits
(Frederick and Xulan, 1990). It is the major species of citrus
fruits after oranges and mandarins (Rainer, 1975). The “word”
lemon originates from old French known as “limon”. It has
also different name in Italy “limone”, Arabic “laymun” or
“lmun” and Persian “lmun”. The generic term for citrus fruit
which is a related of Sanskrit nimbu, “lime” (Giacosa, 1994).
The lemon is a flowing plant belongs to the family Ruta-
ceae. The genus citrus comprises of about 140 genera and 1300
species (Kamal et al., 2011). It is first originated fromSoutheast
Asia then it is spread to Northeast India, Burma and China.
Since ancient times citrus fruit has been cultivated all over the
world (Andrews, 1961). The tree is small with alternate, usu-
ally evergreen, leaves, which are shiny and leathery and
dotted with oil glands. Most of the time, the stems are mostly
winged and jointed with the leaves. The flowers smell is
strong sweet and have five petals. The fruit is spherical or egg-
shaped. It has 8e14 juicy sections containing large, white or
greenish seeds (Freitas et al., 2003). Traditionally it is used
lemon to soothe sore throats, and as an additive for flavoring
to our foods (Nicolosi et al., 2000). The lemon is also well
known for its alkaloid properties. The crude extracts of
different parts of lemon showed anticancer and antibacterial
properties against clinically significant bacterial strain has
been reported (Saidan et al., 2004). It is mainly used to reduce
high blood pressure, mental health, respiratory problems,
arthritis and rheumatism (Saidan et al., 2004; Silalahi, 2002). Itis also used to prevents kidney stones. In addition, lemon fruit
and vegetable are used to wash for oral health to freshen your
breath and to treat flaky dandruff, headaches and reduce
asthma symptoms (Saidan et al., 2004; Silalahi, 2002; Reichling
et al., 2009). Lemon crop is one of the famous crops in the
Sultanate of Oman. Especially it is completely different from
other varieties of lemon. The Omani lemon variety contains
large content of acid and juice. The most famous varieties are
available in Batinah region, Sohar and Saham mandate etc
(Saidan et al., 2004; Silalahi, 2002). The chemical composition
of lemon juice apart from water is contains certain acidic
substances called citric acid and carboxylic acid (Saidan et al.,
2004; Silalahi, 2002). The literature search reveals that still no
works has been done on essential oil from lemon imported
from other countries. Keeping inmind, the aim of this present
work was to isolate and identify the chemical constituents of
essential oils from imported Turkish and Indian lemon fruits
by GCeMS and determine their antimicrobial activity against
pathogenic bacterial strains.2. Materials and methods
2.1. Materials
Dimethyl sulphoxide (DMSO) and dichloromethane (DCM)
were used in this present study from Fisher Scientific Com-
pany, UK. Sodium sulfate was purchase from Scharlau, Euro-
pean Union. Filter paper were used as disc from Whatmann
(GE Healthcare Company, China). The bacterial strains such as
Staphylococcus aureus (S. aureus), Escherichia coli (E. coli), Pseu-
domonas aeruginosa (P. aeruginosa) and Proteus vulgaris (P. vul-
garis)were obtained from Nizwa Hospital, Nizwa, Sultanate of
Oman. Clevenger apparatus was used for extraction of
essential oil from lemon.
2.2. Fruit samples collection
Lemon fruits samples such as Turkish and Indian were
collected from local Al Seeb Supermarket, Muscat, Sultanate
of Oman. The fruits were collected from the Supermarket on
February 19, 2014 at 9.00 am. Morphological identification of
the fruits samples was carried out by a Botanist. After
collection, the fruits samples were packed instantly in sepa-
rate polyethylene bags. Then the samples were transported to
the Natural Products Laboratory, Nizwa University for further
processing.
2.3. Preparation of samples
Both the lemon fruits samples were washed carefully with
water to remove dust and foreign materials. Then the healthy
fruits samples were separated from the affected fruits. The
Turkish and Indian lemon fruits sampleswere ready for use to
isolate of essential oil by using Clevenger type apparatus.
2.4. Extraction of essential oil by Clevenger apparatus
The clean lemon fruits samples were cut into small pieces by
the knife and put into the round bottom flask. Then water
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other parts of the Clevenger apparatus. Then it was heated at
100 C for 5 h. The essential oil was isolated from the lemon
fruits samples through hydro distillation method and collect
the oil until complete extraction. After extraction, the essen-
tial oil was kept in an amber color polyethylene vials and
stored at 4 C until analysis. Anhydrous sodium sulfate was
used in the essential oil to remove water molecules.
2.5. GCeMS analysis
The essential oil was analysis by using a Perkin Elmer Clarus
600 GC System, fitted with a Rtx-5MS capillary column
(30 m  0.25 mm i.d.  0.25 mm film thickness; maximum
temperature, 350 C), coupled to a Perkin Elmer Clarus 600C
MS. Heliumgaswith purity 99.9999%was used as carrier gas at
a constant flow of 1.0 ml/min. The injector, transfer line and
ion source temperatures were 280, 270 and 270 C, respec-
tively. The ionizing energy of MS was 70 eV. Electron multi-
plier (EM) voltage was obtained from autotune. All data were
obtained by collecting the full-scan mass spectra within the
scan range 40e550 amu. The injected sample volume was
0.5 ml with a split ratio of 200:1. The oven temperature program
was 50 C at a rate of 3 C/mine280 C hold for 10 min. The
unknown compounds were identified by comparing the
spectra obtained with mass spectrum libraries (NIST 2011
v.2.3 and Wiley, 9th edition).
2.6. Identification of chemical constituents
The chemical ingredients in the essential oils were identified
on the basis of GC retention time on fused silica capillary
column. The mass spectrum was matched with the GCeMS
exiting library (NIST 2005 v.2.0 and Wiley Access Pak v.7, 2003
of GCeMS systems).Fig. 1 e A typical chromatogram of essential oil2.7. Antimicrobial assay
Both essential oils isolated from Turkish and Indian lemon
fruits samples were evaluated for antimicrobial activity
through disc diffusion method (Ahlam et al., 2013). Each
essential oil was subjected to serial dilution by using dimethyl
sulphoxide (DMSO) as a solvent to give concentrations 2mg/ml,
1 mg/ml, 0.5 mg/ml, and 0.25 mg/ml solutions (Ahlam et al.,
2013). Amoxicillin was used as a standard for this study at the
concentration at 1 mg/ml. Each concentration of essential oil
was tested for their antimicrobial activity against one gram (þ)
bacteria (S. aureus) and three gram () bacteria (E. coli, P. vulgaris
and P. aeruginosa) on nutrient agar plates. Whatmann No. 1
sterile filter paper discs (6 mm diameter) were impregnated
with each concentration of both essential oils obtained from
Turkish and Indian lemon fruits samples and placed on the
inoculated agar. Amoxicillin standard was also used for this
study without essential oil on the inoculated agar. After inoc-
ulated, all the plateswere incubated at 37 C for 24h. Evaluation
of antibacterial activity wasmeasured showing the diameter of
the zones of inhibition against the tested bacteria. Eachmethod
in this experiment was replicated three times.3. Results
3.1. Essential oil composition
The essential oil from both imported lemon fruits samples
were extracted with hydro distillation method using Cle-
venger apparatus. After extraction, the essential oil is
yellowish color with strong smell. The isolated essential oil
was collected in an amber color polyethylene vials. Then the
vials were kept it directly in the refrigerator to avoid evapo-
ration of essential oil.isolated from Turkish lemon fruits sample.
Table 1 e Chemical composition of essential oil from
Turkish lemon fruits samples.
RIa Compound name Retention time Area %
927 a-Thujene 5.35 2,427,264.25 0.22
933 a-Pinene 5.54 16,375,704.00 1.47
973 Camphene 5.93 1,346,973.75 0.12
986 Fenchene 5.88 413,121.09 0.04
988 b-Pinene 6.70 5,656,614 5.08
990 b-Myrcene 7.05 19,477,536.00 1.75
994 a-Phellandrene 7.51 2,076,688.25 0.19
998 Cymene 8.15 8,272,041.50 0.74
1001 DL-limonene 8.32 878,848,384 78.93
1021 a-Terpinolene 10.41 18,116,480 1.63
1044 b -Linalool 10.82 10,620,262 0.95
1078 Terpinen-4-ol 13.93 9,554,238 0.86
1092 L-a-Terpineol 14.50 51,390,868 4.62
1134 Decanal 15.06 682,723.12 0.06
1187 Z-Citral 16.55 3,361,261.50 0.30
1206 E-Citral 17.79 6,486,942 0.58
1265 Neryl acetate 21.70 5,778,465 0.52
1289 Geranyl acetate 22.49 5,790,213 0.52
1297 Isocaryophllene 23.93 1,774,430.87 0.16
1327 a-Bergamotene 24.59 4,550,069 0.41
1355 Valencene 26.89 434,306.40 0.04
1369 b-Bisabolene 27.48 6,658,944.5 0.60
Total 1,113,464,828 98.7%
a Retention index relative to n-alkanes on Rtx-5MS capillary
column.
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The essential oil was isolated from the Turkish lemon fruits
samples collected fromAl Seeb Supermarket and identified by
GCeMS. Twenty two different chemical ingredients were
identified in Turkish essential oil, which represents about
98.7% of the total composition. The identified chemicalFig. 2 e A typical chromatogram of essential oiingredients in the Turkish oil are listed in Fig. 1 and Table 1.
The high percentage with important aroma ingredients found
in the Turkish oil was as DL-limonene (78.93%), b-pinene
(5.08%), L-a-terpineol (4.62%), b-myrcene (1.75%), a-pinene
(1.47%) and b-linalool (0.95%). Other minor chemical in-
gredientswith different percentage obtained from the Turkish
oil are also listed in Fig. 1 and Table 1.
3.3. Indian essential oil
The isolated Indian lemon oil was analyzed and identified the
chemical ingredients by GCeMS collected from Al Seeb Su-
permarket. Twenty two different chemical ingredients with
different percentage were identified, which represents about
98.35% of the total composition. The identified chemical in-
gredients in Indian essential oil based on GCeMS retention
time are listed in Fig. 2 and Table 2. The lowmolecular weight
with high percentage aroma chemical ingredients found in
the essential oil was as DL-limonene (53.57%), L-a-terpineol
(15.15%), b-pinene (7.44%), a-terpinolene (4.33%), terpinen-4-ol
(3.55%), cymene (2.88%) and E-citral (2.38%). Similarly, other
minor chemical compounds were identified in the oil (Fig. 2
and Table 2).
3.4. Antimicrobial activity through disc method
In vitro antibacterial activity at different concentrations of
lemon essential oils obtained from imported Turkish and In-
dian lemon fruits samples against four pathogenic bacteria
employed quantitatively assessed the presence or absence of
inhibition zones. The majority concentrations of essential oil
did not give any antimicrobial results. Turkish oil gave the
inhibition against P. aeruginosa at the concentration 1, 0.5 and
0.25 mg/ml with the range of 0e7 mm. However, P. vulgaris
and S. aureus gave inhibition against Turkish oil only at thel isolated from Indian lemon fruits sample.
Table 2 e Chemical composition of essential oil from
Indian lemon fruits samples.
RIa Compound name Retention time Area %
927 a-Thujene 5.35 1,363,740.5 0.12
933 a-Pinene 5.54 18,014,486 1.56
973 Camphene 5.93 4,958,969 0.43
986 Fenchene 5.88 1,699,877.3 0.15
988 b-Pinene 6.70 85,913,192 7.44
990 b-Myrcene 7.05 17,757,810 1.54
994 a-Phellandrene 7.51 6,261,037.5 0.54
998 Cymene 8.15 33,187,054 2.88
1001 DL-limonene 8.32 618,268,352 53.57
1021 a-Terpinolene 10.41 49,973,916 4.33
1044 b-linalool 10.82 13,125,935 1.14
1078 Terpinen-4-ol 13.93 41,025,912 3.554
1092 L-a-Terpineol 14.50 174,821,152 15.15
1134 Decanal 15.06 4,378,991.5 0.38
1187 Z-Citral 16.55 14,760,865 1.28
1206 E-Citral 17.79 27,422,646 2.38
1265 Neryl acetate 21.70 2,256,371.8 0.20
1289 Geranyl acetate 22.49 3,987,850.3 0.35
1297 Isocaryophllene 23.93 2,758,115 0.24
1327 a-Bergamotene 24.59 5,714,938.5 0.50
1355 Valencene 26.89 515,792.38 0.04
1369 b-Bisabolene 27.48 13,632,258 1.18
Total 1.154Eþ09 98.35%
a Retention index relative to n-alkanes on Rtx-5MS capillary
column.
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But E. coli did not show any activity at any concentration.
However, Indian lemon oil gave the inhibition against the
pathogenic bacteria such as E. coli, S. aureus and P. aeruginosa
at the concentration of 2 mg/ml with inhibition zone 6, 75 and
70 mm (Table 3). P. vulgaris did not give any activity at the
concentration 2 mg/ml. But, the Indian essential oil at con-
centration 0.25 against P. vulgaris gave small activity.
Whereas, Indian essential oil at concentration 0.25 against the
S. aureus gave very strong activity (Table 3).4. Discussion
The hydro distillation method was used to isolate the essen-
tial oils from both imported lemon fruits samples collectedTable 3 e Antimicrobial activity of essential oils from Turkish
Essential oil Conc Escherichia coli (mm) Pseudomonas ae
Turkish 2 mg/ml nd nd
1 mg/ml nd 6 ± 0
0.5 mg/ml nd 6 ± 0
0.25 mg/ml nd 7 ± 0
Control 20 ± 0.12 nd
2 mg/ml 6 ± 0.76 75 ±
Indian 1 mg/ml 6 ± 0.45 nd
0.5 mg/ml nd nd
0.25 mg/ml nd nd
Control 15 ± 0.39 nd
nd ¼ not detectable.from local Supermarket of Oman. The objective of this present
work was the isolate the essential oils from two imported
lemon fruits samples. The physical color of both essential oils
was deep yellowish. After isolation, both the essential oils
were analyzed by using GCeMS. This report is the first time
report by the author in the Sultanate of Oman. The percentage
of active ingredients in the essential oil from the natural
samples is depends on geographical distribution as well as the
environmental conditions such as temperature, rainfall, alti-
tude, hours of sunshine, etc (Hossain et al., 2014). On the other
hand the activities such as biological and chemical activities
are always depends on the active ingredients in the oil
(Mohammed and Saad, 2010).
Our current study, both essential oils were analyzed by
GCeMS and identified active ingredients based on their
retention time. The identified active ingredients in both
essential oils contains lowmolecular weight compounds. Due
to the nature of volatile compounds they can be easily volatile
at room temperature (Hossain et al., 2014). However, some of
the volatile active ingredients are already evaporated during
the processing of sample and isolation of essential oils. The
active ingredient such as DL-limonene, a-pinene, b-pinene and
b-myrcene are used in perfumes industry, flavorings and
medicines as a local antiseptic and anesthetic (Boulos, 1993).
In our experiment, both essential oils isolated from Turkish
and Indian lemon fruits samples contains the above
mentioned four predominant ingredients with different per-
centage. The predominant active compounds with high per-
centagewere identified in the Turkish oil were DL-limonene, a-
pinene, b-pinene and b-myrcene (Fig. 1 and Table 1). Similarly,
the most active ingredients with high percentage was identi-
fied in Indian oil were DL-limonene, L-alpha-terpineol, beta-
pinene, alpha-terpinolene, terpinen-4-ol, cymene and E-
citral (Fig. 2 and Table 2). The major chemical ingredients in
the Turkish essential oil after chemical analysis results was
reported by Kirbaslar et al. (2006) who showed that limonene
was the major constituents. Whereas, in our result the main
chemical ingredient identified in Turkish oil was same but
different percentage. On the other hand Ahmad et al. (2006)
reported that also limonene was the major chemical constit-
uent in Indian oil. However, our results were different per-
centage from the reported one. From our experiment we
observed that the percentage of chemical composition and
predominant ingredients was not constant. The variation ofand Indian lemon fruits samples.
ruginosa (mm) Staphylococcus aureus (mm) Valgurais (mm)
nd nd
.32 nd nd
.17 6 ± 0.18 5 ± 0.45
.22 nd nd
nd nd
0.71 70 ± 0.23 nd
nd nd
nd nd
80 ± 0.29 5 ± 0.19
nd nd
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extraction process, samples process and environmental con-
ditions (Hossain et al., 2014). In previous studies done by
different authors on lemon samples and their results in
chemical ingredients are almost similar (Silalahi, 2002;
Reichling et al., 2009). However, the number of active in-
gredients in both the essential oils is different from ours.
Therefore, during our experiment some low molecular active
ingredients are missing due to environmental conditions. The
major chemical ingredients of both lemon oils were DL-limo-
nene, a-pinene, b-pinene and b-myrcene and several minor
chemical ingredients were also obtained from both oils
(Tables 1 and 2). According to the classes and structures of
major and minor compounds in both essential oils were
identified as mono and sesquiterpene, normal and cyclic hy-
drocarbons, phenolic derivatives as well as their oxygenated
derivatives reported by several authors (Sacchetti et al., 2004;
Miyazawa and Hisama, 2013; Rahma et al., 2013). The active
ingredients present in the essential oils have strong potential
against microbial pathogens (Sacchetti et al., 2004; Miyazawa
and Hisama, 2013; Rahma et al., 2013; Burt, 2004). In conclu-
sion, the biological and chemical activities of the essential oils
are completely depends on their chemical ingredients
(Sacchetti et al., 2004; Miyazawa and Hisama, 2013; Rahma
et al., 2013; Burt, 2004; McKay and Blumberg, 2006).
In vitro antibacterial activity at different concentrations of
lemon essential oils obtained from imported Turkish and In-
dian lemon fruits samples against four pathogenic bacteria
employed quantitatively assessed the presence or absence of
inhibition zones. The majority concentrations of essential oil
did not give any antimicrobial results. Turkish oil gave the
inhibition against P. aeruginosa at the concentration 1, 0.5 and
0.25 mg/ml with the range of 0e7 mm. However, P. vulgaris
and S. aureus gave inhibition against Turkish oil only at the
concentration 0.5 mg/ml with the diameter zone 5 and 6 mm.
But E. coli did not show any activity at any concentration.
However, Indian lemon oil gave the inhibition against the
pathogenic bacteria such as E. coli, S. aureus and P. aeruginosa
at the concentration of 2 mg/ml with inhibition zone 6, 75 and
70 mm (Table 3). P. vulgaris did not give any activity at the
concentration 2 mg/ml. But, the Indian essential oil at con-
centration 0.25 against P. vulgaris gave small activity.
Whereas, Indian essential oil at concentration 0.25 against the
S. aureus gave very strong activity (Table 3). The negative
control did not inhibit the growth of the bacteria tested and
the positive control showed strong inhibition against all
employed bacterial strains. Almost similar antimicrobial re-
sults were obtained from both essential oils of lemon samples
by other reported results (Nicolosi et al., 2000; Reichling et al.,
2009; Kirbaslar et al., 2006; Ahmad et al., 2006).5. Conclusion
The results from our experiment confirm that essential oil do
not always possess in-vitro antimicrobial activity against
different pathogenic bacterial strains. However, in this study
the some chemical ingredients in the essential oils against
pathogenic bacterial strain was examined and suggesting that
they may be used for the development of novel systems forfood preservation. Therefore, further extensive studies are
needed for investigate the possible mechanism against
essential oil and food components for their use in food.
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